The time budgets of all adult and yearling black-tailed prairie dogs in a wild population were measured in 14 separate samples between late April and mid-August 1989. In general, males were more vigilant and fed less than females did. This sex difference was due largely to the behavior of males that had sired offspring; non-fathers behaved more like females. As the summer progressed, prairie dogs spent more time feeding and less time vigilant. The lone exception to this pattern was mothers, who fed less and spent more time vigilant as the summer progressed. Other influences on time allocation produced similar effects for all sex/parental groups: animals were more vigilant while in tall vegetation and in the early morning as opposed to mid-day or evening. Environmental (e.g. weather) and social (e.g. number of other adults and pups present) effects on time allocation were analyzed via multiple regression. Of all potential influences, distance from the nearest burrow seemed to have the most consistent impact on time allocation for all individuals. These results point to strong effects of sex, parental status and environmental context in determining the particular pattern of time allocation observed in an individual prairie dog.
Introduction
It is a commonly held tenet of behavioral ecologists that individuals vary in their behavior. In many cases, it is not individual variation that is of interest, but variation between particular classes of individuals (e.g. CLARK & EHLINGER,1987) . For example, among adult animals, one of the most conspicuous differences between individuals is that between parents and non-parents. Theory leads us to expect that a parent's behavior is likely to be affected by the burdens of parenthood in ways that non-parents need not endure (TRIVERS,1972; GLARK& YDENBURG, 1990; GLUTTON-BROCK, 1991) . Analyses of time budgets may be of particular interest because they may provide a broad overview of the different ways in which parenthood might affect behavior. The present study is an attempt to assess the effects of parenthood by measuring time allocation in adult and yearling blacktailed prairie dogs (Cynomys ludovicianus).
One of the more conspicuous components of an animal's time budget is the amount of time devoted to antipredator behavior (e.g. vigilance). Antipredator behavior in prairie dogs has received considerable attention, including the amount of time individuals spend vigilant (HOOGLAND, 1979 (HOOGLAND, , 1981a DEVENPORT,1986 DEVENPORT, , 1989 . HOOGLAND(1979) documented several influences on prairie dog vigilance: individuals spent less time vigilant in colonies oflarger size, when at the center of a colony versusthe edge, and after the emergence of pups (young of the year) from their natal burrows (presumably because colony size increased). However, HOOGLANDwas unable to test for differences between different classes of individuals. For example, the decline in individual vigilance coincident with the emergence of pups seems paradoxical since pups of many species of ground squirrels are extremely vulnerable during their first few weeks above ground (FITCH, 1948; ROBINSON, 1980; LOUGHRY,1987 LOUGHRY, , 1992 LOUGHRY & McDONOUGH, 1989) . One might expect parents of pups to be especially vigilant at this time. This study specifically examines such potential differences with the aim of identifying some of the possible impacts of parenthood on prairie dog behavior. In particular, the following questions are addressed: 1) do parents and non-parents behave differently?, 2) if such differences are found, how do they change, if at all, over time ? and 3) what are the effects of influences such as weather conditions and group composition on time allocation, and are these effects the same for all classes of individuals?
Methods

Study animal and site.
Black-tailed prairie dogs are large, diurnal, non-hibernating, colonial ground squirrels. The colony of prairie dogs observed in this study was located in Wind Cave National Park, South Dakota, and is the same colony studied by HOOGLAND since 1975 (e.g. HOOGLAND, in press ). The social unit of a colony is the coterie (KING, 1955) , which normally contains a single adult male, several adult females, and their offspring (HOOGLAND, 198Ib) . Females usually remain in the same coterie for life, but males typically disperse from their natal coterie as yearlings; thus coteries contain matrilines of related females (HOOGLAND, 1982) . Pups are born in late March or early April and are weaned as they first emerge from their natal burrows in mid to late May (KING, 1955; HOOGLAND,1981 b) .
Data collection.
The general methods of the present study follow those of HOOGLAND(e.g. 1981 b; see also LOUGHRY,1992) . All animals were live-trapped, ear-tagged for permanent identification and dye-marked for long-range identification. Pups were captured within days of their first emergence above ground and prior to mixing of any litters.
Beginning 4 April and ending 20 August 1989, animals were observed from three 5 m high towers situated around the periphery of the colony. Five min continuous focal-animal samples (ALTMANN,1974) were recorded using a laptop computer in which each key designated a particular behavior. The activities monitored during a sampling session are listed and defined below: % Bipedal = proportion of time within a sample spent with only the back legs on the ground and head in an alert posture (i.e. not feeding, with the head at least parallel with the ground) % Bipedal feed =same as % bipedal except animal chews while scanning environment % Quadrupedal = same as % bipedal except animal keeps all four legs in contact with the ground % Quadrupedal feed = same as % quadrupedal except animal chews while scanning environment % Feed = proportion of time within a sample spent feeding while not scanning the environment (i.e. not vigilant, with the head pointed down at the substrate) % Not vigilant =proportion of time within a sample spent in non-feeding activities that precluded scanning the environment (e.g. grooming, burrow maintenance) % Burrow = proportion of time within a sample spent within a burrow % Social =proportion of time within a sample spent in amicable, play and agonistic social interactions Jump-yipping =rate of calling (for complete description see Smith et.al., 1976) The above activities accounted for 100 percent of a prarie dog's time during an observation period. Some of these were then combined to form the following variables:
Total alert = % bipedal + % quadrupedal Total feed = % feed + % bipedal feed + % quadrupedal feed Total vigilant =% bipedal + % bipedal feed + % quadrupedal + % quadrupedal feed Data were obtained in two slightly different ways: I) prior to the first emergence of pups from their natal burrows, samples on adults and yearlings were obtained between 1000 and 1500 h each day. All individuals in the colony (N = 112) were sampled over a period of 7-10 days. Three such samples were completed prior to the first emergence of pups from their natal burrows. A fourth was finished just as the first litters began to emerge in late May. 2) Most of the data were collected after the final litter of pups had emerged and been captured. The colony at this time contained 210 animals. I divided the colony into six groups of 35 animals each and randomly assigned each group to a particular day of observation. Thus, all animals in the colony were sampled over a six-day period. Two . groups each week were observed from 0600-1100 h, two from 1100-1600 h, and two from 1600-2100 h. These times completely covered the daily activity period. This schedule was then rotated the next week so that over a three-week period each group was observed at each of the three times of day. This schedule of observations lasted 10 weeks (from 14June through 20 August). When inclement weather precluded observing a group, the observations were made up on the intervening day before the start of the next week's round of observations.
As stated above, each individual in a group was observed for 5 min. Each group included approximately equal numbers of pups and adults and males and females. The order of individual observations was randomized to avoid biasing subsets of the sampling period toward particular classes of individuals. Observations were initiated both when an individual was visible above ground as well as when it was in burrow (for the latter case, I had to have seen the animal entering a burrow just prior to the beginning of the sample). At the beginning of a sample, the individual's location within the colony was noted, as was its distance to the nearest burrow. In addition, I recorded coterie composition, defined as the numbers of other adult coterie members, own pups (defined below), and other pups that were above ground at the beginning of a sample. Finally, the height of the vegetation the animal was in (tall = vegetation that was taller than the top of the head while in a quadrupedal position, short = all vegetation below this point) was noted. No attempt was made to keep track of these variables as they changed during the observation period, but since the observation period was relatively short, such changes were usually minor. Information on ambient weather conditions (daily minimum and maximum temperatures, relative humidity and wind speed) was obtained from the park's weather station, located about 7 km from the study site.
For the purposes of this paper a parent is defined as an individual that produced pups during the study. Female parents were identified on the basis of whether or not they were lactating and on the eventual emergence of pups from the burrow the female was using (HOOGLAND, 1981 b, in press) . A female that was lactating but lost her litter was classed as a mother up to the point at which I could confidently infer that she had lost her pups (e.g. by the nipples drying up). Males were classed as fathers on the basis of coterie residence. The resident adult male of a coterie was assumed to be the father of all the pups produced in his coterie. Genetic evidence indicates this is a valid assumption (FOLTZ& HOOGLAND, 1981) .
When more than one adult male resided in the same coterie (N = I coterie), all were classed as fathers. Undoubtedly this means some males were classed as fathers even though they did not sire offspring. However, this problem should only make the statistical differences between fathers and non-fathers described below conservative.
Statistical tests.
Statistical analyses were carried out using the Statview statistical package. Tests of sex and parental differences were conducted by pooling data from each individual to look for general differences over the entire course of the study. Data from yearlings and adults were combined in these analyses. This might seem unwarranted since most yearlings were nonparents (all 12 yearling males and 7 of 9 yearling females) and thus parental differences might be confounded with age differences. This seems unlikely because: I) I found no differences between the time budgets of adults and yearlings for any of the measured variables (t-test comparisons of non-parents, males, all p>0.06, df=20; females, all p>0.20, df=34; see also LOUGHRY, 1992) , and 2) comparisons of parents and non-parents using data from only adults yielded the same pattern of differences as when data from yearlings were also included (see Table I ).
Two kinds of temporal effects on time allocation were analyzed: changes over the course of a day and changes over the course of a season. Seasonal changes were analyzed by comparing time budgets prior to the first emergence of pups from their natal burrows (samples 1-3) with those after pup emergence (samples 5-14; sample 4 was excluded since a few litters emerged during this sample; for samples 5-14 only data from mid-day were used for comparison with pre-pup samples). To further evaluate seasonal changes, Spearman rank-order correlations were performed between sample number and the means for each measured variable in each sample (this was done separately for each sex/parental group). The effects of time of day were examined by repeated-measures ANOV A using pooled data from each individual at each time of day. Pooled data from each individual in high and low vegetation were used in a paired t-test to determine the effects of vegetation height on time allocation.
A multiple regression, with weather conditions (maximum wind speed, minimum and maximum temperature, and relative humidity), coterie composition (numbers of other adults and pups present above ground), and distance to the nearest burrow as the independent variables, was used to evaluate other potentially important influences on time allocation. With one exception, these analyses used data from the entire study. Because pups were not present until the fourth or fifth sample, relationships between the number of pups above ground and time allocation were analyzed separately. The number of pups present during a sample consisted of two components: I) the number of an individual's "own" pups present (for fathers, the number of pups they putatively sired, range=0-20, for mothers, the number of pups from their own litter, range=0-6, see Table 5 ), and 2) the number of other pups present (for both sexes range=0-20). Note that regressions for fathers include as an independent variable the number of non-litter pups present above ground during a sample (Table 5 ). This would seem impossible if fathers are defined as the males siring all pups within a coterie. However, fathers did encounter pups that were not their own, particularly in what HOOGLAND(198Ib, in press) called a "split coterie". In this case, two males subdivided what was once a single coterie (N=2 such coteries in 1989). During my field season, pups from both sides of these split coteries often interacted and crossed over to the other side. Thus, a father could have had pups he did not sire within his coterie's bounds during a sample. A final point about the regression analyses is that body weight is not used as an independent variable. Individuals were recaptured too infrequently to include body weight, even though it undoubtedly influences time allocation (e.g. KENAGY,et.a!. 1989 KENAGY,et.a!. , 1990 LOUGHRY,1992) .
Results
Sex and parental differences.
Sex and parental differences in prairie dog time budgets were analyzed with a two-way ANOV A (see Table I ). Looking first at the main effects, several sex differences were found. Males jump-yipped more, fed less, and spent more time vigilant (particularly in alert forms) than did females. Parental status also influenced time allocation: parents were more vigilant and fed less than non-parents. Finally, there were a number of significant interactions between sex and parental status. Examination of Table I suggests that most differences between the sex/parental groups resulted from fathers behaving differently than all other animals. Thus, Means (:!:SE)are given for each group. * Two-way ANOV A, a = significant main effect of sex, b = significant main effect of parental status, c = significant sex X parental status interaction; data from adult non-parents are for comparison purposes only, statistical tests used data from all non-parents (see Methods).
the behavior offathers may be largely responsible for the sex and parental differences just presented.
Temporal effects.
Pre vspostpup emergence.
All sex/parental groups exhibited some changes in time allocation coincident with the emergence of pups from their natal burrows (Table 2) . Mothers increased time spent in bipedal forms of vigilance and decreased time spent feeding from pre-to post-pup emergence. All individuals increased time spent in burrows and decreased time spent in quadrupedal vigilance after pup emergence (note that total time allocated to vigilance did not change for any group). Finally, fathers and non-mothers jumpyipped less frequently after pup emergence.
Correlation analysis.
The results from the pre-versus post-pup emergence comparisons are borne out by correlation analyses (Table 3) . Mothers showed significant increases in time spent bipedally vigilant (see also total alert and total vigilant) and significant decreases in time spent quadrupedally vigilant over the fourteen samples in this study. Like mothers, the other sex/
The significance and direction of difference for each comparison are indicated. Paired t-tests, * p<O.O5; ** p<O.OI; a = p<O.O6. parental groups exhibited significant decreases in time spent in at least some forms of quadrupedal vigilance and significant increases in bipedal forms (e.g. bipedal feed, however note that non-fathers do not conform completely to this general pattern). Unlike mothers, these three groups showed a signficant decline in time spent not vigilant and in the rate of jump-yipping. Mothers may have been affected by pup emergence differently than the other sex/parental groups. Note that for some variables (% bipedal, % feed, % not vigilant, total alert and total feed) the sign of the relationships is the same for fathers, non-fathers and non-mothers, but in the opposite direction for mothers.
Other influences.
Multiple regression.
The results in Table 4 show that for all sex/parental groups: 1) distance to the nearest burrow (range= 1-12 m) was negatively related to various measures of time spent vigilant (e.g. % quadrupedal, total alert) and positively related to various measures of time spent feeding (e.g.% bipedal feed, % feed, total feed). Note also that, based on the partial F-ratios given, distance to the nearest burrow was one of the most important influences on time allocation. 2) wind speed (range =1.6-22.5 kmh) and relative humidity (range=6-l 00%) were both positively related to time Partial F-ratio and the direction of the relationship are given for each factor, df for non-fathers=7, 237 except for Dist (df=6, 238) and Nonlitter (df= I, 163); for fathers, df=7, 262, except for Dist (df=6, 263) and Litter, Nonlitter (df=2, 188); for non-mothers, df=7, 460 except for Dist (df=6, 461) and Nonlitter (df=l, 333); for mothers, df=7, 430 except for Dist (df=6, 431) and Litter, Nonlitter (df=2, 292 spent in quadrupedal vigilance (especially % quadrupedal feed), and 3) the number of other adult members of the coterie above ground (range=O-II) was postively related to the distance a prairie dog strayed from the nearest burrow and the time it spent feeding (e.g. % feed), but was negatively related to time spent vigilant (e.g.total alert, total vigilant).
In addition, Table 4 shows that each sex/parental class exhibited some relationships not found in the other groups. For example, time allocation by non-fathers appeared to be most related to the distance to the nearest burrow and ambient weather conditions. Fathers were apparently more influenced by the number of other adult coterie members above ground. Non-mothers showed similar relationships to those found for non-fathers, except that non-mothers appeared to be influenced by additional aspects of the weather. Time allocation by mothers showed the most relationships with daily temperature (minimum temperature ranged from -8 to 210 C, maximum temperature ranged from 9-430 C) and was also related to the number of pups from their own litter that were above ground. Note that for both mothers and fathers, where the presence of pups produced a significant relationship, the presence of pups from the individual's own litter (or litters, in the case of males) was more important than the presence of pups from other litters. Fig. 1 shows the effects of time of day on time allocation for each sex/ parental group of prairie dogs and Table 5 gives the results of statistical comparisons between times of day done for each group separately. In general, all prairie dogs were affected in the same way by time of day: vigilance levels were highest in the morning and declined throughout the day (see especially total alert and total vigilant). Time allocated to feeding was high in the morning, declined during mid-day, and increased again in the evening. Mid-day appeared to be a time of reduced activity, as time spent in burrows peaked. Fig. 1 also shows the effects of vegetation height on time allocation for each sex/parental group of prairie dogs. As with time of day, these effects appeared to be similar for all individuals. Prairie dogs responded to being in tall vegetation by increasing time spent bipedally feeding and in total vigilance. They also decreased time spent not vigilant, quadrupedally vigilant, and in burrows while in tall vegetation. Note that while total vigilance is higher in tall grass, time spent alert is actually higher while in low vegetation. This suggests that most of the changes relating to vigilance and feeding that occur while prairie dogs are in tall vegetation are due to increases in time spent bipedally feeding.
Time if day.
Vegetation.
Discussion
To summarize, the present study demonstrates that I) males were more vigilant and fed less than females did. 2) This sex difference was due largely to the behaviour of fathers; nonfathers behaved more like females.
3) As the summer progressed, prairie dogs increased time spent feeding and spent less time vigilant. 4) The lone exception to this pattern was mothers, who fed less and spent more time vigilant as the summer progressed. 5) Animals were more vigilant while in tall vegetation, and in the early morning hours as opposed to mid-day or evening. 6) Multiple regression analyses indicated consistent relationships for all sex/parental groups between weather conditions, microhabitat location (distance to the nearest burrow), and/or social conditions and some aspects of time allocation. However, relationships were also found that were unique to each sex/parental group.
Effects of parenthood.
Attaining breeding status appears to affect male black-tailed prairie dogs in a variety of ways. Fathers spend more time and put themselves more at risk during some types of antipredator behavior (e.g. snake harassment, LOUGHRY,1987) . Such risk taking may playa role in producing the shorter lifespan of males (HOOGLAND, in press; see also ATMAR,1991) . The present study indicates that fathers are more vigilant and feed less than other individuals. This pattern of time allocation could also be costly to males if reduced feeding time impacts male longevity (see QUENETTE, 1990) . Why are males so vigilant? They may be acting as sentinels (e.g. RASA, 1989; VANSCHAlK& VANNOORDWIJK,1989) , they could be scanning the coterie boundaries for intruders (e.g. YDENBERG,1987; BALDELLOU & HENZI, 1992) , or such high vigilance levels may represent a greater risk of predation experienced by fathers. Of course, these functions are not mutually exclusive and experiments are needed to tease them apart. However, there seems little evidence to suggest that fathers are more likely to be victims of predation (HOOGLAND,in press, LOUGHRY, unpublished data). In addition, I have no compelling evidence that fathers act as sentinels. Indeed, the finding that fathers did not show higher levels of vigilance with increasing numbers of pups present seems to argue against such an interpretation. Increased vigilance by fathers may be an aspect of coterie defense, allowing fathers to detect intruders sooner. Fathers are almost invariably individuals that have attained residency in a coterie by fighting off other males (HOOGLAND,1981 b, in press ). Retaining residency (and the concommitant access to breeding females) requires continual defense of the coterie from other males. Such an argument might explain why fathers show a negative relationship between time spent vigilant and the number of other adult coterie members present. Since these individuals also defend coterie boundaries (MICHENER, 1989; KENAGY et. al., 1990; MICHENER & LOCKLEAR, 1990; FIORELLO, 1991; MACWHIR-TER, 1991; MURUTHI et. al., 1991) . Indeed, it is surprising that mothers are not most vigilant prior to pup emergence, since this is a time when the risk of infanticide by conspecifics is highest (HOOGLAND, 1985) . The fact that mothers are not most vigilant at this time suggests that they are indeed energy stressed and must devote most of their time to feeding. This trade-off between maternal feeding and vigilance levels may have other costs, such as increased exposure to predators, associated with it as well (cJ. QUENETTE, 1990; MAGNHAGEN, 1991) .
As the summer progressed, mothers dramatically increased time allocated to vigilance. This increase may be coincident with the emergence of pups from their natal burrows and thus reflect maternal investment in offspring, but it may also just indicate an easing of the energetic constraints associated with lactation.
Indeed, the increase in maternal vigilance only brings mothers up to the levels exhibited by the other sex/ 
Contextual influences on time allocation.
Social environment.
The number of other adult coterie members present above ground was positively related to measures of time spent feeding and negatively related to measures of time spent vigilant for most sex/parental groups ( Table 4) .
This finding is consistent with many other reports concerning the effects of group size on individual foraging and vigilance levels (reviews in ELGAR, 1989 , LIMA & DILL, 1990 QUENETTE, 1990) . Note that the number of other adults present appeared more influential than the number of pups present. This suggests that the absolute number of individuals present may be less important than the number of particular individuals (e.g. adults) in determining vigilance and feeding levels (if. ELGAR, 1989; LOUGHRY,1992) . In addition, it is possible that each sex/ parental group keeps track of other adult coterie members for different reasons (e.g. fathers may do so for reasons relating to coterie defense, see above).
Weather conditions.
Wind speed and relative humidity were both positively related to time spent quadrupedally feeding for all sex/parental groups (Table 4 ). This might be expected if such conditions reduce the ability of an individual to detect the approach of a potential predator aurally or visually (LOUGHRY, 1992) . Alternatively, there may be fewer other coterie members above ground during such unfavorable conditions, so that the observed relationship may be a byproduct of the influence of group size on vigilance. The present data do not allow me to distinguish between these possibilities.
Microhabitat location.
Distance to the nearest burrow was negatively related to time spent vigilant and positively to time spent feeding (Table 4 ). The latter finding is not surprising since the area around burrows is typically barren and individuals must move further away in order to find food. However, other studies of ground squirrels have found a positive relationship between time spent vigilant and distance from the nearest burrow (e.g. HOLMES, 1984; CAREY& MOORE, 1986 ). The negative relationship reported here is probably due to the fact that black-tailed prairie dogs use burrows as promontories from which to monitor the environment (see also LEGERet. al., 1983; LOUGHRY,1992) . Most other species of ground squirrels do not construct elevated burrows that could be used in this fashion.
The height of vegetation a prairie dog finds itself in is another aspect of its microhabitat location. All individuals allocated more time to bipedal forms of vigilance (especially while feeding, see Fig. 1 ) while in tall vegetation. This is not surprising, because this form of vigilance may be the only way individuals can continue to effectively monitor their environment (see also HOOGLAND,1979; LOUGHRY,1992) . However, total time spent vigilant increased only slightly while in tall grass. Individuals appear to trade off the time they spend in various forms of vigilance, spending more time in quadrupedal forms when in short grass and more time in bipedal forms when in tall vegetation (Fig. 1) .
Temporal influences.
Vigilance levels were highest for all individuals in the morning and declined throughout the day (Fig. 1) . High vigilance levels are to be expected in the morning if this is a time of increased risk of predation because of low light levels (LIMA, 1988; LOUGHRY,1992) . However, this does not explain why vigilance is not also high in the evening. It may be that the risk of an ambush attack (by a coyote, Canis latrans, or bobcat, Felis rufus) is highest in the morning as prairie dogs are first emerging from their burrows, and declines through the day as the probability that such a predator would be discovered increases G. L. HOOGLAND, pers. comm.). If so, then vigilance levels might reflect this declining predation risk. Time spent feeding was high in the morning, declined during mid-day and then increased again in the evening (Fig. 1) . This pattern is consistent with the notion that animals come above ground hungry after fasting through the night and that they "fill up" again before retiring for the evening. Time spent in burrows peaked at mid-day, which seemed to be a time of reduced above-ground activity in general. This might be expected since daily temperatures reached their maximum during mid-day. Prairie dogs apparently avoided the heat by going underground, and by reducing their activities while above ground. Prairie dogs can die from prolonged exposure to the summer sun (personal observation), so this daily activity shift may be adaptive.
Changes in time allocation over the course of the study were also apparent for all sex/parental groups (see Tables 2 and 3 ). All groups showed a shift from quadrupedal to bipedal forms of vigilance as the summer progressed; however, total time allocated to vigilance did not change (Table 3) . This again suggests a trade-off between different forms of vigilance (see above). The shift to primarily bipedal forms of vigilance is probably coincident with the growth of the surrounding vegetation, which is where the animals primarily fed.
The general patterns described above hold, with few exceptions, for all sex/parental classes of prairie dogs. Additional relationships were uncovered that were unique to each sex/parental group. For example, time allocation by non-fathers appeared most influenced by ambient weather conditions (Table 4 ). These males often attempt to leave their current coterie to find a breeding position elsewhere (HOOGLAND, 1982; GARRETT & FRANKLIN, 1988) . Such males do not appear to interact much with other coterie members (LOUGHRY, unpublished data), so their behavior may be mostly influenced by environmental conditions. On the other hand, time allocation by fathers appeared to be more influenced by the number of other adult coterie members above ground (Table 4) . This may be due to fathers monitoring the coterie for any intrusions that might lead to usurpation of their breeding status (see above).
Non-mothers, like non-fathers, appeared most influenced by ambient weather conditions (Table 4) . If males are about to cut their ties to their current coterie, then they may not be too concerned about their social environment. Non-mothers, however, remain in their natal coterie for life and one might expect them to be more sensitive to the social conditions within it. Non-mothers do not appear as socially isolated from other coterie members as non-fathers (LOUGHRY,unpublished data), so they could be influenced by social conditions. The fact that they are not indicates that other concerns take precedence. Exactly what these concerns are remains to be discovered. It could be that other, unmeasured, variables would provide even stronger relationships with non-mother time budgets than those shown for weather conditions. For example, body weight is an important influence on female reproductive success (FIORELLO,1991; HOOGLAND, in press) , and might be expected to exert a major influence on female time allocation.
Time allocation by mothers appeared to be related extensively to both environmental and social conditions (Table 4) , but, for the reasons discussed above, the exclusion of body weight data makes these relationships tentative. Assuming the relationships hold, it appears that mothers are sensitive to a broader array of conditions than any othet sex/parental group. Sensitivity to environmental conditions could reflect the energetic concerns of mothers (see above), while sensitivity to the social environment may reflect both maternal investment in pups (note, however, that maternal vigilance does not increase with increasing numbers of her own pups above ground, Table 4 ) and personal vulnerability to predation.
Conclusions.
In summary, the results presented here indicate pervasive effects of parenthood on time allocation in this population of black-tailed prairie dogs. What is required now is to integrate this information about time budgets into long-term studies of reproductive success in order to assess the impact of these sex and parental differences (if. HOOGLAND, in press). The data presented here also provide some hints as to whether one can predict the time budget of a black-tailed prairie dog. The present study suggests that, in order to answer this question, one must take into account the identity of the animal (i.e. its sex and parental status) and the context (social and environmental) in which it is being observed. --(1981a) . 
